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A B S T R A C T 
Nowadays, cellular phone becomes a necessity for human being due to its 
mobility, small size and useful applications provided in the chip. In a long term use, 
the user will be exposed to the high frequency E M radiation that possibly causes 
serious illnesses such as alzheimer and brain cancer. Increasing exposure f rom this 
radiation is a growing concern for the community to investigate the effects of the 
emissions to human health. While cellular phone is in used, the energy is transferred 
f rom the applied electric field to the human head in the form of kinetic energy of 
charged particles. The rate of change of the energy transferred is called the absorbed 
power or Specific Absorption Rate (SAR). SAR values are of key importance when 
validating possible health hazard and these values are compared with a safety limit 
set by International Commission on Non-Ionizing Radiation Protection, ICNIRP to 
ensure that the phone is safe to use. In this study, Finite Difference Frequency 
Domain (FDFD) technique was used to evaluate the electric field and SAR 
distribution in a human head due to the emissions f rom cellular phone that operates 
at 900 MHz. The numerical results were compared with the CST Microwave Studio 
software which is based on FDTD method. The results demonstrated that FDFD is 
not an efficient method to evaluate E field and SAR due to its limitation and 
imperfect boundary condition. On the other hand, the CST Microwave Studio results 
show that magnitude of E M field decreases exponentially with the penetration 
distance at a rate specified by the attenuation constant, a. Besides, the SAR is 
affected by operational frequency of the phone and the electrical properties of 
human head. Since FDFD technique can work only for 2D models, it is 
recommended that a fast and efficient numerical technique need to be studied for 3D 
human head model and an experimental technique on SAR distribution needs to be 
done to validate the results from simulation technique. 
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ABSTRAK 
Dewasa ini, telefon selular merupakan keperluan dalam kehidupan seharian 
memandangkan kepada faktor mobilitinya, saiz yang kecil dan pelbagai aplikasi 
yang dimuatkan di dalam cipnya. Untuk penggunaan yang lama, pengguna telefon 
ini akan terdedah kepada radiasi elektomagnetik yang berfrekuensi tinggi dan 
berkemungkinan mengundang kepada penyakit serius seperti alzheimer dan barah 
otak. Peningkatan kepada pendedahan terhadap radiasi ini telah meningkatkan 
kesedaran di kalangan masyarakat untuk mengkaji kesan radiasi ini kepada 
kesihatan manusia. Semasa telefon selular sedang digunakan, sejumlah tenaga akan 
dipindahkan daripada medan elektrik kenaan ke dalam kepala manusia dalam bentuk 
tenaga kinetik yang terhasil daripada zarah-zarah bercas. Kadar perubahan terhadap 
tenaga yang dipindahkan ini dinamakan sebagai kuasa terserap atau Specific 
Absorption Rate (SAR). Nilai SAR begitu penting untuk mengesahkan simptom 
penyakit dan nilai ini kemudianna akan dibandingkan dengan had keselamatan yang 
telah ditentukan oleh International Commission on Non-Ionizing Radiation 
Protection (ICNIRP) bagi memastikan bahawa telefon tersebut selamat digunakan. 
Dalam kajian ini, teknik Finite Difference Frequency Domain (FDFD) telah 
digunakan untuk menilai medan elektrik dan taburan SAR di dalam kepala manusia 
berdasarkan kepada pancaran telefon selular yang beroperasi pada frekuensi 900 
MHz. Hasil daripada teknik ini akan dibandingkan pula dengan perisian CST 
Microwave Studio yang berasaskan kepada teknik Finite Difference Time Domain 
(FDTD). Keputusan yang terhasil menunjukkan bahawa kaedah FDFD tidak efisien 
untuk digunakan dalam kajian ini disebabkan oleh aplikasi yang agak terhad dan 
keadaan sempadan yang tidak tepat. Namun begitu, hasil daripada CST Microwave 
Studio menunjukkan bahawa magnitud medan elektromagnetik berkurangan secara 
eksponen melawan jarak penembusan pada kadar yang ditetapkan oleh pemalar 
pelemahan, a. Di samping itu, taburan SAR pula dipengaruhi oleh frekuensi 
kendalian telefon tersebut dan ciri-ciri elektrik kepala manusia. Oleh kerana teknik 
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FDFD hanya relevan untuk model 2 dimensi, kajian yang melibatkan model 3 
dimensi dengan menggunakan teknik berangka yang lebih cepat dan efisien perlu 
dijalankan dan kaedah eksperimen tentang taburan SAR perlu dibuat bagi 
mengesahkan keputusan yang terhasil daripada kaedah simulasi. 
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CHAPTER 1 
INTRODUCTION 
1.1 General 
Electromagnetic wave consists of electric and magnetic field that are 
perpendicular to each other as illustrated in Figure 1.1. Electric fields are created by 
differences in voltage: the higher the voltage, the stronger will be the resultant field. 
Magnetic fields are created when electric current flows: the greater the current, the 
stronger the magnetic field. An electric field will exist even when there is no current 
flowing. If current does flow, the strength of the magnetic field will vary with power 
consumption but the electric field strength will be constant. 
Figure 1.1: Electromagnetic wave propagation 
Besides that, electric field, E and magnetic field, H are coupled for time-
varying, but they become independent in the limit of unchanging fields [1 ]. 
Practically, from 20-30 kHz and above, E and H cannot be seen separately; they 
merge to form EM waves. EM waves at low frequencies are referred to as EM fields 
and at very high frequencies are called EM radiation. As the frequency goes up, the 
wavelength becomes shorter, and more energy is transferred to objects similar in 
size to the wavelength. The term EM radiation applies to the dispersal of EM 
energy. Once generated, EM fields radiate in all directions, depending on how they 
have been converged. As the field opens, the power spreads, and the energy could be 
reflected, transmitted, or absorbed as it comes into contact with different types of 
material. 
Moreover, the evolution of the electromagnetic frequency spectrum as shown 
in Figure 1.2 started from the discoveries of Maxwell, Hertz, and Marconi. The EM 
spectrum under which devices and systems are working extended from extremely 
low-frequency (ELF) fields and very low-frequency (VLF) fields to radio frequency 
radiation (RFR), infrared (IR) radiation, visible light, ultraviolet (UV). X-rays and 
gamma-ray frequencies exceeding 1024 Hz. 
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Radio frequency radiation (RFR) is a general term applying to the use of EM 
waves for radio and television, radar, and other RF/microwave communication 
applications. RFR is composed of moving waves, which lie in the frequency range 
of 3 kHz to 300 GHz. Interesting bands of frequency with wide applications 
especially in wireless, mobile, cellular, and satellite communications are the VHF 
and UHF (30 MHz-3 GHz). Propagation above 30 MHz is basically a straight line 
(line of sight) with probability of scattering. Frequencies of special interest for 
cellular communications are in the range of 800-900 MHz, while personal 
communications band extends from 1700-2200 MHz. 
Figure 1.2: Electromagnetic spectrum [1] 
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Therefore, the interest of this research work presented in this report is to 
model the EM wave penetration in a human head due to cellular phone. 
1.2 Problem statement 
The revolution in communication technology in recent years has seen 
widespread use of cellular phone. It becomes a necessity for human being due to its 
mobility, small size and useful applications provided in the chip. Widespread use of 
cell phone and other types of hand-held transceivers has led to increased concerns 
about possible health hazards, particularly concerns about brain cancer, as the 
antennas for these phones lie along the head during use [2], 
Frequently reported symptoms to physicians and cellular phone 
manufacturers include headaches, vision and hearing difficulties, increased ear and 
facial temperatures, nausea, dizziness, tingling sensations on the skin, and numbness 
or irritation to the face and neck. Some studies have presented evidence that blood 
pressure increases when using a cellular phone, and there has been litigation over 
cancer and brain tumors allegedly caused by cellular phone radiation. 
Furthermore, with the enormous increase of electromagnetic and radio wave 
radiation emitted by cellular phones, increasing numbers of illnesses such as 
allergies, fatigue, asthma, heart disease, brain cancer, depression, sleep disorders and 
ill temper are on the rise. These various biological effects depend upon the amount 
of energy absorbed from the EMF [1]. 
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While the cellular phone is working, it uses electric power to receive and 
transmit signals through a base station tower that is linked with other transmission 
towers. Increasing exposure from the use of devices such as cellular phones and base 
stations are a growing concern for the community. This is because cellular phone, at 
distances within a wavelength f rom a RF transmitter is a region known as the near 
field. Since cellular phone radiation has a wavelength of 30 cm at 900 MHz (GSM 
phone) the users head will be within this near field region. The head disturbs the 
field and alters the manner in which RFR interacts with tissue. 
This interaction complicates the absorption of RF energy within the head 
and makes calculations difficult. This increases the temperature of the brain and 
surrounding tissue and equally as significant, also affects protective biological 
mechanisms far below what can be measured at the thermal level using current 
Specific Absorption Rate (SAR) test procedures and standards. SAR standards are 
used as the basis for determining cell phone safety worldwide. 
Therefore, it is important to model the behavior of the electromagnetic waves 
as they interact with the complex tissues of the human due to GSM frequency (900 
MHz). Thus, this research is performed to calculate the propagation of the 
electromagnetic fields in a human head due to the emissions from cellular phone and 
to study the effects of SAR due to the operational frequency of the cellular phone 
and the electrical properties of a human head. Numerical technique has been used in 
this report as one of the computational methods for analyzing electromagnetic 
problems. 
